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Abstract 
A novel cDNA clone was isolated from a human adult heart cDNA library. This cDNA clone is similar to the small heat 
shock protein (smhsp) in both DNA and amino acid sequences, especially in the conserved region. Sequence analysis has 
shown that the putative novel smhsp, named 27 kDa heat-shock-protein-like protein (HSPL27) is a protein of 241 amino 
acids with a deduced molecular mass of 26.7 kDa and a deduced pI of 8.0. We have expressed the HSPL27 in E. coli and 
the expressed protein was found to be present in the soluble fraction of the bacterial cell lysate. Chromosomal mapping data 
shows that the HSPL27 gene is located at human chromosome 5ql 1.2. 
Keywords: Small-heat-shock-protein; Heart cDNA; Chromosome 5; (Human) 
The molecular weight of heat shock or stress 
proteins range from 10000 to 110000 Da. These 
proteins are produced at extremely high levels in the 
stressed cell and show a remarkably high degree of 
structural conservation. Recent findings uggested that 
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increased expression of these proteins also occurs 
when cells are exposed to a number of deleterious 
agents or treatment, such as heavy metals, amino acid 
analogues or other kinds of stress [1,2]. Of the six or 
seven major stress proteins, more attention has been 
paid to the higher molecular weight stress proteins [3] 
than the smaller ones in mammalian cells. To date, 
only a single DNA sequence of human 27 kDa heat 
shock protein (hsp27) has been reported [4,5]. Three 
additional members of the human smhsp family have 
also been identified. They are the alpha A- and alpha 
B-crystallins [6], and a protein called p20 [7]. We 
describe here the isolation of a full length cDNA 
encoding a novel fifth member of human smhsp 
family called 27 kDa heat-shock-protein-like protein 
(HSPL27). The cloning, sequencing, expression and 
chromosomal mapping of this cDNA will also be 
presented. 
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Partial sequencing of cDNA clones (in lambda 
gtl l  vector) isolated from human adult heart were 
performed as described previously [8-10]. The partial 
sequences were compared against the EMBL/ 
GenBank Data Libraries using the BLAST electronic 
mail server [11]. Among the various cDNA clones 
that we have sequenced, a clone which is similar to 
hsp27 was identified. Excluding the vector sequences 
and poly-A sequence, the cDNA obtained is 904 base 
pairs in length. An open reading frame (ORF) of 723 
base pairs was found encoding a protein of 241 
amino acid residues (Fig. 1). By aligning the DNA 
1 12 21 32 
5' CAT GCA GCA TCA GCA TCT TAT AGT AGT TGA AC 
41 50 59 68 77 86 
ATG TCG CCA TCC AGG CCG CCC ATC ACA TCC ACAAAC TCT GTG GTC AGC TTAAAG 
1 Met: Set Pro Ser Arg Pro Pro Ile Thr Ser Thr Asn Ser Val  Val  Ser Leu Lys 18 
95 104 113 122 131 140 
GCT GAC GTC TCAAAG CCC AGA TTT CGG GGT GAG CTG GAG AGG ATG AAG CCAAAG 
19 A la  Asp  Val  Ser Lys Pro Arg  Phe Arg Gly Glu Leu G luArq  Met Lys Pro Lys 36 
149 158 167 176 185 194 
TCG ATG TGGATG ATG TGG CCT TCT GCG TCC AAAAGGATA TTC CCA TTG TGT CTG 
37 Set Met  Trp Met Met Trp Pro Ser Ala Ser Lys Arg Ile Phe Pro Leu Cys Leu 54 
203 212 221 230 239 248 
AGG AGG GGGAAT AGA GGA GAG GAA GAG GCA GTA GGC AAC TGC AGG GGC TCG CCA 
55 Arq  Arg  Gly Asn  Arg Gly Glu Glu Glu Ala Val Gly Asn Cys Arq  Gly Ser Pro 72 
257 266 275 284 293 302 
CTG ACT GAA GGC AGT GGAAGG TTG GCA GAA GGA GGC TGT TCA AGG CTG TTT TTG 
73 Leu Thr Glu Gly Ser Gly Arg Leu Ala Glu Gly Gly Cys Ser Arg Leu Phe Leu 90 
311 320 329 338 347 356 
CCT TCA CTA TGG CAAAAT CAT TTT GAG GCA CCT CAT AGA GAT TCC AGT GCG TTA 
91 Pro Ser Leu Trp Gln Asn His Phe Glu Ala Pro His Arg Asp Ser Set A la  Leu 108 
365 374 383 392 401 410 
CCA GGA AGA GTT GAA GCT CGA GGT CTA GAA GAC TGC AGG CTG GAT CAT GCT TAT 
109 Pr,~ Gly Arg  Val Glu Ala Arg  Gly Leu Glu Asp Cys Arq Leu Asp  His A la  Tyr  126 
419 428 437 446 455 464 
ATG CAC TGC CTG GCC AAC CAT CGT GGA CCT GAG GAAAAC CAG GGC AGC C-CA GTC 
127 Met His Cys Leu Ala Asn His Arg Gly Pro Glu Glu Asn Gln Gly Set A la  Val  144 
473 482 491 500 509 518 
TCC TCC AGT GGA CTA AGC GGC AGA GAC GCC ACC CCG AGA AGG CAAATC CCA CTT 
145 Ser Set Set Gly Leu Set Gly Arg Asp Ala Thr Pro Arg Arg Gln Ile Pro Leu 162 
527 536 545 554 563 572 
TCA GAT CCT GTG GAC GTG GTC CAG TTC CTC CCT GAA GAC ATC ATC ATT CAG ACC 
163 Ser Asp  Pro Val  Asp  Val Val Gln Phe Leu Pro Glu Asp Ile Ile Ile Gln Thr 180 
581 590 599 608 617 626 
TTC GAA GGC TGG CTA CTG ATAAAA GCA CAA CAC GGAACC AGA ATG GAT GAG CAC 
181 Phe Glu  Gly Trp Leu Leu Ile Lys Ala Gln His Gly Thr Arg Met Asp Glu His 198 
635 644 653 662 671 680 
GGT TTT ATC TCA AGA AGC TTC ACC CGA CAG TAC AAA CTA CCA GAT GGC GTG GAA 
199 Gly Phe Ile Ser Arg  Set Phe Thr Arg Gln Tyr Lys Leu Pro Asp Gly Val  Glu 216 
689 698 707 716 725 734 
ATC AAA CAT TTG TCT GCA GTC CTC TGT CAT GAT GGA ATT TTG GTG GTG GAA GTA 
217 Ile Lys Asp  Leu Ser A la  Val Leu Cys His Asp Gly Ile Leu Val Val  Glu Val  234 
743 752 761 770 779 788 
A~ GAT CCA GTT GGG ACT AAG TGA CAT CGT ATC GGT TCC TGT TCA GAT GAC ATG 
235 L~s Asp  Pro Val  Gly Thr Lys *** 241 
797 806 815 824 833 842 
GC~ AAG ATG ATG GTT CAT CCA CTG GTA CTA CTA GAA TGT TTG TAT TAC CCA CAT 
851 860 869 878 887 896 
TTGAAA TGC CTT GCT ATGAAT TTT TAT GAA GAATAAAAA TAT ATA CAC AGT TAA 
9O5 
A ;~ AAA AAA AAA AAA AA 3' 
Fig. 1. The complete DNA and amino acid sequence of human HSPL27. Translational start codon at 33 bp and stop codon at 756 bp. 
Polyadenylation signal is at 8"74 bp. Serine-106 is a possible phosphorylation site and the amino acid sequence shows a carboxyl-terminal 
lysine. 
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HSPL27 
HSP27 
C IAP  
150 SGRDATPRRQIPLSDPVDWQFLPEDI I IQ  179 
:: . . . . . . . . . .  :: .: : . . . . . .  
83 SGVSEIRHTADRWRVSLDVNHFAPDELTVK 112 
: : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  
80 SGISE IRQSADSWKVTLDVNHFAPEELVVK 109 
HSPL27 
HSP27 
C IAP  
180 TFEGWLL IKAQHGTRMDEHGFISRSFTRQY 209 
: .: . : . . . : . . :  : : : : . : :1 . : : : . :  
113 TKDGVVEITGKHEERQDEHGYISRCFTRKY 142 
: : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  
i i0  TKDNIVE ITGKHEEKQDEHGFISRCFTRKY 139 
HSPL27 
HSP27 
C IAP  
210  KLPDGVEIKDLSAVLCHDGILWEVKDPV 238 
.:: :: . . . .  :. : . . . : : : . : : .  : 
143 TLPPGVDPTQVSSSLSPEGIL IVEAPMPK 172 
: : : : : : : : : : : : : : : : : : : : : : : : : : : : :  
140 TLPPGVEATAVRSSLSPDGMLTVEAPLPK 168 
Fig. 2. The amino acid sequence alignment of the conserved 
domain of HSPL27 (HSPL27) with that of the human hsp27 
(HSP27) and the chicken inhibitor of actin polymerization (CLAP). 
The alignment was performed using PROSIS from Hitachi. Amino 
acids that are identical between the two sequences are marked by 
':' while those that are similar were marked by '.'. Those amino 
acids that are different between the two sequences are left blank. 
sequences of the ORF of human hsp27 and HSPL27, 
we found them to be 50.7% similar (data not shown). 
When the amino acid sequences of human hsp27 and 
HSPL27 were aligned, an overall identity of 37.1% 
and a similarity of 80.4% was shown; while a 44.1% 
identity and 86.8% similarity within the conserved 
region (from 167 to 234 amino acid residues with 
respect o the amino acid sequence of HSPL27) of 
this family were found (Fig. 2). Since it has been 
stated that smhsp are the least conserved family [4,5], 
we do not expect a very high degree of DNA or 
amino acid sequence similarity, especially in the 
N-terminals, between human HSPL27 and smhsp of 
other species, such as drosophila, and mouse. Besides 
matching with hsp27 from various species, the puta- 
tive protein sequence of human HSPL27 also matches 
significantly with that of an inhibitor of actin poly- 
merization in chicken (CIAP) [12], with 56.9% iden- 
tity in DNA sequences and 39.1% identity, 80.1% 
similarity in amino acid sequences (Fig. 2). In addi- 
tion, recent reports have suggested that hsp may 
mediate protection of ischaemic cells from necrosis 
by preventing abnormal actin aggregation [13,14]. 
We speculate that HSPL27 isolated from the heart 
may have a function in stabilization of cytoskeleton, 
especially actin [15], in myocytes. 
Another indirect evidence in support of the hy- 
pothesis that our HSPL27 belongs to the smhsp fam- 
ily is that a type of amine-donor called carboxyl- 
terminal lysine is present in HSPL27 (residue 241). 
Recently, it has been shown that such carboxyl-termi- 
nal lysine residues are found in B-crystallin and 
mouse hsp25 and they serve as amine-donor sub- 
strates in the transglutaminase-mediated cross-linking 
reaction of proteins [16]. Although the significance of 
substrate capacity for transglutaminase is unclear, it 
has been proposed that transglutaminase activity is 
implicated in controlled cell death [17], tumor pro- 
gression [18], and receptor-mediated endocytosis [ 19]. 
These are processes which involve changes in intra- 
cellular organization. The fact that smhsp are also 
implicated in cytomorphological changes may pro- 
vide a clue for the interactions between these proteins 
and transglutaminase [16]. As reported previously, 
the function of human heat shock 27 kDa protein 
(hsp27) may be regulated by phosphorylation [ 15,20]. 
Thus, we searched for possible phosphorylation sites 
of our amino acid sequence which was quite serine 
rich (10%, 24 out of 24l amino acid residues). 
Several possible sites were found after analyzing the 
amino acid sequence by using the computer software 
MacDNASIS. The most probable site of phosphoryla- 
tion by protein kinase C or protein kinase A was 
found to be at ser-106 as it possesses the conserved 
A B 
5 
Fig. 3. FISH mapping. Panels A and C showing the FISH signals 
on chromosomes; panels B and D showing the same mitotic 
figures tained with DAPI to identify chromosome 5. 
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kinase recognition amino acid sequence 'Arg-X-X- 
Ser' [20,21]. 
In order to express tile protein in E. coli, the 
human HSPL27 was clone, d into an expression vector 
pAED4. The recombinant plasmid pAED4-HSPL27 
was transformed into the E. coli BL21(DE3)pLysS 
strain. The recombinant protein was expressed ac- 
cording to the protocol previously described [22]. 
Electrophoresis of crude bacterial extracts was car- 
ried out and the recombinant protein showed an 
apparent mol. wt. of 26.7 kDa (data not shown). For 
solubility analysis, the bacterial cells were lysed by 
freeze-thawing twice. After centrifugation, suspen- 
sion was divided into a water soluble fraction and a 
pellet. Both fractions were resuspended in 
SDS/PAGE-sample buffi~r and then electrophoresed. 
We found that the recombinant human HSPL27 pro- 
tein is present in the soluble bacterial cell fraction 
(data not shown). 
The chromosomal mapping of the HSPL27 gene 
was done by the SeeDNA Biotechology Inc. (Ontario, 
Canada). The pAED4-HSPL27 plasmid was biotinyl- 
ated with dATP. The procedure for FISH detection 
was performed essentially as described previously 
[23,24]. Based on the results from 10 photos, the 
HSPL27 gene is located at human chromosome 
5q11.2 (Fig. 3). Previous report has shown that the 
locations for hsp27 gene and its two pseudogenes are 
at chromosomes 3, 9 and X [25]. Hence, the hsp27 
gene and the HSPL27 gene are located at different 
chromosomes. According to the database of NCBI, 
dihydrofolate reductase gene [26], gpl30 transducer 
chain gene [27], 5-hydroxytryptamine-lA receptor 
gene [28], corticotropin releasing hormone-binding 
protein gene [29] and genes for the NK cell granule 
serine proteases [30] are also located in this region. 
Moreover ,  Kl ippel-Fei l  syndrome [31] and 
Schizophrenia disorder-1 [32] have been mapped to 
this region. 
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